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Doppler-free two-photon spectroscopy of neon. III. Isotopic shift and fine structure for the 2p5 4d and 2p5 5s configurations E. Giacobino [1] . The experiments performed on neon [2, 7] are perhaps the most evident demonstration of the power of the method. Using a c.w. dye laser of moderate power, it has been possible to measure many fine and hyperfine structures [2, 4, 6] , to determine isotopic shifts [2, 3] and to obtain much valuable information about two-photon line intensities [5] . In the present paper, the Doppler-free two-photon excitation method is applied to measure the isotopic shifts 2°Ne-22Ne and the fine structure in the 2p5 4d and 2p5 5s configurations of neon.
Some preliminary results about the isotopic shift have already been published [3] , but the measured values were restricted to the levels of the 4d' subconfiguration. The measurement of all the isotopic shifts of the 2p5 4d and 2p5 5s configurations brings new information and now permits a precise comparison with theory. It has been possible to obtain valuable information on the wave functions of the levels of angular momentum J = 1 : the J = 1 levels have a specific mass-shift different from that of the other levels, and this shift depends on their wavefunctions. The experiments also provide a determination of the radial integrals J(4d, 2p) and J(5s, 2p). Our measurements in the 4d and 5s configurations give wavefunctions in agreement with predictions of Liberman [8] and radial integrals in agreement with predictions of Bauche [9] . The paper is divided in three parts. In the first part we describe the problems involved in the excitation of the levels of the 4d and 5s configurations. In The transition probabilities are very different from one transition to another. These transition probabilities can be calculated using the results of ref. [5] . From formulae (17) and (34) ofref. [5] , it can be shown that with a linear polarization of the exciting light, the transition probability P ge is proportional to :
where q° and q2 are the scalar and quadripolar parts of the two-photon transition operator (which involves a bilinear product of the electric dipole operator). With circular laser polarization only the quadrupolar part of the two-photon operator is involved and the transition probability is proportional to
The values of the reduced matrix elements of the scalar and quadripolar operators q° and q2 can be calculated using formula (35) of ref. [5] . In non relativistic quantum mechanics, the massshift is related to a perturbation equal to p2 /2 M where P is the momentum of the nucleus. In the frame where the total momentum of the atom is equal to 0, P is equal to pi where pi is the momentum of i the ith electron. We thus obtain :
The first term gives the Bohr mass-shift while the second one is predominant in the calculation of the specific mass-shift [12, 13] In the case of a many-electron atom, other contributions appear, the principal of which is the second term of the mass shift correction given before. The various terms which contribute to the specific mass-shift in neon have been analyzed by Bauche and Keller [14, 15] . For [12] .
In the case of the 2p5 4d and 2p5 5s configurations, there is a G Slater integral in the electrostatic energy difference of two Russel-Saunders terms only if one of them is a 1 P term [20] .
But the LS coupling is a rather bad approximation in these configurations and we have to use the intermediate coupling method [12, 13] . The experimental determination of the isotopic shift is thus a method of getting the expansion of the 1 P term on the real eigenstates of the atom. More precisely, let us consider the différence between the specific shifts of a state having a component of 1 P (state with J = 1) and of the other states of the same subconfiguration (1 ) having no component of 'P. In atomic units, this difference equals [12, 17] :
(') The five electrons of the almost closed 2p shell have an angular momentum which can take the values jl = 1/2 of 3/2. In the 4d and 5s configuration, j, is almost a good quantum number, and the levels are arranged in two groups, or subconfigurations corresponding to the two values of jl. Because of relativistic effects which will be dealt with below, the specific shifts of the two subconfigurations of a configuration are different.
In this expression 91 1 is the coefficient of the Slater integral Gl in the expansion of the electrostatic interaction, its value is equal to 3 in the case of the 2p' 4d configuration and 3 in the case of the 2p5 5s [20] . [21 ] :
The analysis of our experimental results (tables IV and V) shows that within the experimental error, the specific shifts of the levels with J :0 1 are actually the same in a given subconfiguration. Taking the difference between its mean value As(J e 1) and the isotopic shifts for the states with J = 1 gives an experimental determination of the left hand side of (1 We thus deduced from the experimental determination of the isotopic shifts the quantities (si 1 p)2.
The experimental determinations are compared with theoretical predictions of Liberman [8] in tables VI and VII. As can be seen, the agreement is excellent. (b) In addition, one must take into account relativistic corrections to the mass-shift [16, 17] which have the same angular dependence as the spin-orbit interaction. These corrections and second order perturbation terms involving spin-orbit interaction plus the mass-shift Hamiltonian [15] bring about a contribution to the isotopic shift which depends on the value of the angular momentum jl of the core. From the analysis of the measurements of Odintsov [18] and Keller and Lesprit [19] , Keller [15] deduced that these terms lead to an isotopic shift 2°Ne-22Ne larger for the excited levels with Jl Conclusion. -These experiments show that the measurements of isotopic shifts in a whole configuration permits one to obtain much valuable information on the wavefunctions of the excited state. It also shows that the improvements of the experimental set-up allows the application of the Doppler-free two-photon excitation methods (even by using c.w. dye laser) to numerous levels for which the transition probabilities are very small. It is clear that by using other dyes the present experiments can be extended to other configurations of neon and to other noble gases.
